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(54) CAGE ROTOR 

(57) In a cage rotor for an induction motor, a end 
ring (22) for connecting conductive rods (20) to one 
another is covered with a reinforcing member (24). The 
reinforcing member (24) is obtained by integrally form- 
ing a tube-like portion (26) having an inner diameter 
which is substantially equal to the diameter of a central 
through hole (14) of a laminated core (26), an annular 



end wall (28) extending radially outward from one end of 
the tube-like portion (26) in an axial direction, and an 
annular engagement wall (30) extending radially out- 
ward from the other end of the tube-like portion (26) in 
the axial direction. 
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Description 

BACKGROUND OF THE INVFNTION 
Field of the Invention 

The present invention relates to a cage rotor of an 
induction motor comprising a reinforcing member for 
preventing an end ring from being deformed at high- 
speed rotation. 

Description of the RelatPd Art 

In recent years, especially in the field of machine 
tools, in order to improve the machining ability of a 
machine, the high-speed operation and high output of a 
spindle motor for driving a main spindle has progressed. 
Some induction motors generally used as spindle 
motors has a cage rotor which is formed by integrally 
molding with casting process a plurality of conductive 
rods to be arranged in a plurality of through holes 
formed on laminated cores near their outer peripheries 
and extending in its axial direction and conductive por- 
tions comprising a pair of end rings to connect the con- 
ductive rods to each other at both the axial ends of the 
laminated cores. The increase in the operating speed of 
such an induction motor with such a cage rotor can 
cause the end rings to be distorted or broken due to the 
centrifugal force during high-speed rotation. 

To deal with this problem, as prior art, separately 
formed reinforcing members which were made from 
high-rigidity material such as iron or stainless steel are 
fixedly mounted on a cage in a manner such that it sur- 
rounds the end rings so that the deformation of the end 
rings may be prevented. In this case, the term "deforma- 
tion" of the end ring means a state where shape or con- 
dition of an end ring is temporarily or permanently 
changed due to elastic deformation, plastic deforma- 
tion, breakdown, rupture, or the like. 

As an end ring reinforcing member for a high-speed 
cage rotor, known is an annular element having a virtu- 
ally L-shaped section which comprises a cylindrical wall 
portion for covering the outer peripheral surface of the 
cylindrical portion of the end ring and an annular end 
wall portion for covering the outer surface of the end 
ring. According to this reinforcing member, deformation 
(deformation in a radial direction) of the end ring caused 
by centrifugal force is prevented by its cylindrical wall 
portion. However, since the distal end of the cylindrical 
wall portion is a free end although the proximal end is 
coupled to the outer periphery of the end wall portion, 
the cylindrical wall potion itself is distorted outward in 
the radial direction when the shaft is rotated at a high 
speed, with the result that the cylindrical wall portion 
cannot support the end ring any more. 

As means for solving the above problem, a cage 
rotor comprising an end ring reinforcing member consti- 
tuted of an annular element having a U-shaped section 
having an opening in one direction (its opening side 
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faces the rotating shaft side) is disclosed, in a Japanese 
Unexamined Patent Publication No. 6-105511. This 
cage rotor will be described below with reference to Fig. 
6A and Fig. 6B which is a sectional view along a II - II 
5 line in Fig. 6A. This reinforcing member 122 integrally 
comprises a cylindrical portion 126 for covering the 
outer peripheral surface of an end ring 120, an end wall 
portion 130 extending inward from one edge of the 
cylindrical portion 1 26 in the radial direction to cover the 
10 outer end face of the end ring 120 in the axial direction, 
and a multi-holed wall portion 128 extending inward 
from the other edge of the cylindrical portion 126 in 
radial direction and interposed between a laminated 
core 1 14 and the end ring 120. 

A plurality of holes 132 are formed in the multi- 
holed wall portion 128 corresponding to a plurality of 
holes 1 16 of the laminated core 1 14 through which con- 
ductive rods 118 passe. With the reinforcing member 
1 22 arranged at the both the ends of the laminated core 
20 1 14 in the axial direction so that the holes 1 16 of the 
laminated core 1 14 and the holes 132 of the multi-holed 
wall portion 128 are aligned, the conductive rods 118 
and the end ring 120 are integrally molded by a casting 
process. In this manner, each reinforcing member 122 
25 is fixedly connected to the laminated core 1 14 and the 
end ring 120. 

According to such an arrangement, since both the 
ends of the cylindrical portion 126 of the reinforcing 
member 122 are supported through the end wall portion 
30 1 30 and the multi-holed wall portion 1 28, the reinforcing 
member 122 itself is not deformed even during an 
extremely high-speed rotation such as several tens 
thousand revolutions per minute, and the end ring 120 
can be prevented from being deformed by centrifugal 
35 force. 

The reinforcing member 122 for a cage rotor dis- 
closed in Japanese Unexamined Patent Publication No. 
6-10551 1 is formed into the above shape from a round 
rod of iron, stainless steel, or the like by mechanical 
40 process such as cutting or grinding. In this case, an 
annular blank made of a rod is bored along its internal 
wall of the center hole so that an annular recess which 
opens toward the inner peripheral is formed. In this 
manner, an integrated body having a virtually U-shaped 
45 section and comprising the cylindrical portion 126, the 
end wall portion 130, and the multi-holed wall portion 
128. In addition, a plurality of holes 132 are formed in 
the multi-holed wall portion 1 28. 

In the above shaping process, especially when a 
so high-rigidity metal material such as stainless steel is 
used, it is hard to maintain a machining accuracy within 
an allowable range in the machining stage where the 
annular recess which opens toward the inner peripheral 
of the reinforcing member 122 is bored. Thus, the man- 
55 ufacturing cost of the reinforcing member required to 
maintain necessary machining accuracy tends to 
increase. For a cage rotor required to operate at an 
extremely high speed such as several tens thousand 
revolutions per minute (for example, 30,000 rpm or 
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more, although varying depending on the outer diame- 
ter of the rotor), reinforcing member such as the rein- 
forcing member 122 is preferred to be used regardless 
of the cost. However, in a high-speed region (for exam- 
ple, 15,000 rpm to 30,000 rpm, although varying 
depending on the outer diameter of the rotor;) not 
belonging to an extremely high-speed region, reinforc- 
ing member such as the reinforcing member 122 results 
in an excessive equipment investment, giving rise to the 
problem of the increase in cost. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
cage rotor comprising an end ring reinforcing member 
which not only can prevent an end ring from being 
deformed by centrifugal force during high-speed rota- 
tion but also can easily machined in manufacturing 
high-reliability induction motor at low cost. 

In order to achieve the above object, a cage rotor 
according to the present invention comprises a rotating 
shaft, a laminated core obtained by accumulating a 
number of magnetic thin plates fixedly connected to the 
rotating shaft, a plurality of conductive rods arranged in 
a plurality of through holes formed in the laminated 
core, and a pair of end rings, arranged at both the ends 
of the laminated core in its axial direction for connecting 
the conductive rods to each other, wherein the end ring 
has a reinforcing member comprising a tube-like portion 
having an inner diameter which is almost equal to the 
diameter of a central through hole of the laminated core, 
an annular end wall extending radially outward from one 
end in the axial direction of the tube-like portion, and an 
annular engagement wall extending radially outward 
from the other end in the axial direction of the tube-like 
portion are integrally formed, the tube-like portion con- 
stituting the reinforcing member is interposed between 
the end rings and the rotating shaft, the annular end wail 
almost entirely covers the outer end face of the end 
rings in the axial direction, and the annular engagement 
wall is interposed between the laminated core and the 
end rings. 

Preferably, in the reinforcing member, a tube-like 
portion extending to a certain extent from the outer 
periphery toward another reinforcing member in a direc- 
tion parallel to the axis of the tube-like portion is inte- 
grally formed with the annular end wall. 

The cage rotor according to the present invention 
having the above arrangement can comprise an end 
ring reinforcing member which can prevent the inner 
peripheral portion of the end ring from being bent radi- 
ally outward along the shaft due to the effect of the cen- 
trifugal force during a high-speed operation. In addition, 
the end ring reinforcing member can easily be manufac- 
tured by machining. Therefore, by using the cage rotor 
according to the present invention, a high-speed induc- 
tion motor having a high structural reliability can be 
manufactured at low cost. 



A cage rotor according to one embodiment of the 
present invention will be described below with reference 
to Figs. 1 to 3. 

A cage rotor 10 comprises a rotating shaft 12, a 
laminated core 1 6 fixedly connected to the rotating shaft 
12, the laminated core being formed by accumulating a 
number of magnetic thin plates such as silicon steel 
plates, a plurality of conductive rods 20 arranged in a 
plurality of through holes 18 formed in the laminated 
core 1 6 in the axial direction, and a pair of end rings 22, 
arranged at both the ends of the laminated core 16 in 
the axial direction, for connecting the conductive rods 
20 to one another. 

A central through hole 14 is formed concentrically 
with the axis of the laminated core 16, and the rotating 
shaft 12 passes through the central through hole 14. 
Furthermore, as shown in Fig. 2, a plurality of peripheral 
through holes 18 are formed in the laminated core 16 
extending in its axial direction at equal intervals near the 
circumference of its outer peripheral portion. The con- 
ductive rods 20 are fitted in the through holes 18. One 
end and the other end of each conductive rod 20 fitted 
in the corresponding peripheral through hole 18 extend 
out of the peripheral through hole 18 to be integrally 
coupled to the ring-like pair of end rings 22. More spe- 
cifically, a plurality of conductive rods are mechanically 
and electrically connected to one another through the 
pair of end rings 22. As will be described later, a plurality 
of conductive rods 20 and one pair of end rings 22 are 
integrally molded, thereby forming a conductive portion. 

The pair of end rings 22 are arranged opposite to 
each other interposing the laminated core 16. The end 
rings 22 in this state has its center coincide with the axis 
of the central through hole 1 4 in the laminated core 1 6. 

A plurality of conductive rods 20 and the pair of end 
rings 22 are integrally formed by a casting process such 
as diecasting process using an electrically conductive 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partial sectional front view showing a 
cage rotor according to the present invention; 
5 Fig. 2 is a sectional view of the cage rotor along a 

line II - II in Fig. 1; 

Fig. 3 is a sectional view of the cage rotor along a 
line III - III in Fig. 1; 

Fig. 4A is a view showing an end face of a reinforc- 

10 ing member; 

Fig. 4B is a side view of the reinforcing member 
along a line a - a in Fig. 4A; 
Fig. 5 is a partial sectional front view showing a 
manufacturing process of the cage rotor in Fig. 1 ; 

is Fig. 6A is a sectional view of a conventional rein- 
forcing member; and 

Fig. 6B is a diagram showing an end of reinforcing 
member along a line II - II in Fig. 6A. 

20 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 
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metal material such as aluminum or copper. Upon com- 
pletion of molding (casting), the conductive rods 20 are 
fitted in the peripheral through holes 18 of the laminated 
core 16, and the laminated core 16 is interposed 
between the pair of end rings 22. 

In order to reduce ununiform torque of the motor 
during its operation, the conductive rods 20 may be 
arranged tilting with respect to the axial line as known 
commonly. The sectional shape of the conductive rod 
20 (i.e., the sectional shape of the peripheral through 
hole 18) may take various shapes other than a circular 
shape (shown in Fig. 2). 

The structure of a reinforcing member 24 will be 
described below with reference to Figs. 4A and 4B. 

The reinforcing member 24 is integrally formed with 
a tube-like portion 26 having an inner diameter which is 
substantially equal to the diameter of the central 
through hole 14 of the laminated core 16, an annular 
end wall 28 extending from one end in the axial direction 
of the tube-like portion 26 towards its radially peripheral 
direction, and an annular engagement wall 30 extending 
from the other end in the axial direction of the tube-like 
portion 26 towards its radially peripheral direction. The 
outer diameter of the annular end wall 28 is substan- 
tially equal to the outer diameter of the laminated core 
16, and the outer diameter of the annular engagement 
wall 30 is determined to a size not blocking up a plurality 
of peripheral through holes 18 formed in the laminated 
core 16 when the laminated core 16 are interposed 
between a pair of reinforcing member 24. 

The reinforcing member 24 is formed from a high- 
rigidity material such as stainless steel by applying the 
machining process such as cutting or grinding. More 
preferably, a tube-like extended portion 32 extending 
inwardly in a direction parallel to the axis of the tube-like 
portion 26 by a certain extent from the outer periphery 
of the annular end wall 28, and the extended portion 32 
is integrally formed with the annular end wall 28. 

When the conductive portion, comprising a plurality 
of conductive rods 20 and the pair of end rings 22, is 
integrally molded by a casting process (to be described 
later), the outer peripheral surface of the tube-like por- 
tion 26, one of the constituents of the reinforcing mem- 
ber 24 covers the inner peripheral surface of the end 
rings 22, the annular end wall 28 covers the outer sur- 
face of the end rings 22, and the annular engagement 
wall 30 is interposed between the end face in the axial 
direction of the laminated core 1 6 and the end rings 22. 
Furthermore, the extended portion 32 partially engages 
with the outer peripheral surface of the end rings 22 
(see Fig. 1). When the laminated core 16 is fitted on the 
rotating shaft 12, the inner peripheral surface of the 
tube-like portion 26 of each reinforcing member 24 is in 
contact with the rotating shaft 12. That is, the tube-like 
portion 26 of the reinforcing member 24 is interposed 
between the rotating shaft 12 and the end ring 22. 

According to the arrangement of the reinforcing 
member 24, when the conductive portion comprising a 
plurality of conductive rods 20 and the pair of end rings 



22 is formed by casting, each reinforcing member 24 is 
fixedly supported by the laminated core 16 through the 
annular engagement wall 30, and is also fixedly sup- 
ported by the rotating shaft 12 through the tube-like por- 

5 tion 26, particularly, in the radial direction. As a result, 
the annular end wall 28 of the reinforcing member 24 
covers the outer surface of the end rings 22 to prevent 
the end rings 22 from being deflected by centrifugal 
force during high-speed rotation, particularly, to prevent 

w the inner peripheral portion of the end ring 22 from lifting 
by being bent. In this case, the extended portion 32 of 
the reinforcing member 24 which partially engaged with 
the outer peripheral surface of the end rings 22 effec- 
tively operates to prevent the edge region of the annular 

is end wall 28 from being deflected outward with respect 
to its axial direction. 

The end ring reinforcing function of the reinforcing 
member 24 can reliably prevent the end ring 22 from 
being deformed as long as the cage rotor 1 0 is operated 

20 in a high-speed rotation region out of an extremely high- 
speed region such as that of several tens thousand rev- 
olutions per minute. In addition, the reinforcing member 
24 has an annular form having an L-shaped section 
which opens radially outward, so that the machining 

25 process for forming its tube-like portion 26, the annular 
end wall 28, and the annular engagement wall 30 can 
easily be performed by applying a tool from the outer 
peripheral side of the annular body, thereby contributing 
to the reduction in manufacturing cost. 

30 A process in manufacturing the cage rotor 1 0 will be 
described below with reference to Fig. 5. A plurality of 
magnetic thin plates which are punched out into the 
form of a circular disk having openings corresponding to 
the central through hole 14 and the peripheral through 

35 holes 18 are accumulated, and are temporarily fixed to 
one another by, e.g., caulking, to form the laminated 
core 16. The reinforcing members 24 are coaxially 
arranged on the laminated core 16 with their annular 
engagement walls 30 in contact respectively with the 

40 end faces of the laminated core 1 6. In this case, annular 
spaces 34 which opens radially outward are formed with 
both the ends of fhe laminated core 16, both the end 
faces of the laminated core 1 6 and the tube-like portions 
26, the annular end walls 28, and the annular engage- 

45 ment walls 30 of both the reinforcing members 24. 

As described above, since the outer diameter of the 
annular engagement wall 30 of the reinforcing member 
24 is not so large as to stop a plurality of peripheral 
through holes 18 of the laminated core 16, the annular 

so engagement wall 30 will not reduce at all the areas of 
the openings of a plurality of peripheral through holes 
18 on both the end faces of the laminated core 16. 
Therefore, both the annular spaces 34 communicate 
with a plurality of peripheral through holes 1 8 of the lam- 

55 inated core 16 assuring smooth circulation of fluid. 

In carrying out the casting operation, the reinforcing 
members 24 are arranged at both the ends of the lami- 
nated core 16 in the axial direction as described above, 
and the laminated core 16 and the reinforcing members 
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24 are integrally supported by a jig 36 when placed in a 
casting space of a die 38. In this case, one reinforcing 
member 24 is arranged on the side of a pouring gate 40 
of the die 38 to make the annular spaces 34 communi- 
cate with the pouring gate 40. In order to stabilize the 5 
flow of the molten material during the casting operation, 
it is preferable for the annular end wall 28 of the other 
reinforcing member 24 arranged on the side opposing 
the pouring gate to be provided with small air-bleeding 
holes 42 which are formed at positions of the annular 10 
end wall 28 opposing a plurality of peripheral through 
holes 18 of the laminated core 16 (see Fig. 4). 

When the casting is started, a molten material as a 
molten aluminum flows from the pouring gate 40 into the 
annular spaces 34 under pressure, flows into a plurality 15 
of peripheral through holes 18 of the laminated core 16, 
and then flows into the annular spaces 34 on the side 
opposing the pouring gate. In this state, the molten 
material is solidified, and the conductive portion com- 
prising a plurality of conductive rods 20 and the pair of 20 
end rings 22 is integrally molded (Fig. 1). The laminated 
core 16 which is completely casted is removed from the 
die 38 together with the jig 36, and the jig 36 is removed. 
In this manner, the laminated core 16 and the pair of 
reinforcing members 24 which are integrally formed by 25 
molding the conductive portions by casting as 
described above is fixed to the rotating shaft 12 (Fig. 1) 
by. e.g., shrinkage fitting, thereby forming the cage rotor 
10 (Fig. 1). 

30 

Claims 

1. A cage rotor, comprising a rotating shaft, a lami- 
nated core formed by accumulating a number of 
magnetic thin plates, fixedly connected to said 35 
rotating shaft, a plurality of conductive rods 
arranged in a plurality of through holes formed in 
said laminated core, and a pair of end rings, 
arranged at both the ends of said laminated core in 
the axial direction, for connecting said conductive 40 
rods to one another, wherein 

said end ring has a reinforcing member includ- 
ing a tube-like portion having an inner diameter 
which is substantially equal to the diameter of a 45 
central through hole of said laminated core, an 
annular end wall extending radially outward 
from one end in the axial direction of the tube- 
like portion, and an annular engagement wall 
extending radially outward from the other end so 
in the axial direction of the tube-like portion, 
which are integrally formed; 
the tube-like portion constituting said reinforc- 
ing member is interposed between said end 
rings and said rotating shaft, the annular end ss 
wall almost entirely covers the outer end face of 
said end rings in the axial direction, and the 
annular engagement wall is interposed 
between said laminated core and said end 



rings. 

2. A cage rotor according to claim 1, wherein said 
reinforcing member has a tube- like extended por- 
tion integrally formed therewith and extending from 
an external periphery of the annular end wall 
toward another reinforcing member to a certain 
extent in a direction parallel to the axis of the tube- 
like portion. 

3. A method of manufacturing a cage rotor comprising 
the steps of: 

forming a laminated core with a number of 
magnetic thin plates fixed to one another, each 
of said magnetic thin plate having a hole of 
which a position and a radius correspond to a 
central through hole through which a rotating 
shaft passes, and a plurality of holes of which 
positions and radii correspond to peripheral 
through holes through which conductive rods 
pass; 

forming a par of reinforcing members, each 
being formed with a tube-like portion having an 
inner diameter which is substantially equal to 
the diameter of the central through hole of said 
laminated core, an annular end wall extending 
radially outward from one end of the tube-like 
portion in axial direction, and an annular 
engagement wall extending radially outward 
from the other end of the tube-like portion in the 
axial direction, which are integrally formed; 
forming an annular space between each of the 
end faces of the laminated core and each of the 
pair of reinforcing members by arranging said 
reinforcing members so that the annular end 
walls are brought into contact with the end face 
of said laminated core in the axial direction, 
and the axis of the tube-like portion coincides 
with the axis of said laminated core, and by 
integrally fixing and supporting said pair of rein- 
forcing members and said laminated core by a 

jig; 

forming a molten material passage by making a 
pouring gate communicate with an annular 
space formed in one of said pair of reinforcing 
members fixed by said jig together with said 
laminated core; and 

flowing a molten material such as a molten alu- 
minum from the pouring gate into one annular 
space, allowing the molten material to flop from 
the annular space into the peripheral through 
holes, and then flowing the molten material into 
the other annular space. 
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